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INTRODUCTION
In 1997 we published a report that included a market-weighted description of low-beam headlighting patterns in the U.S. (Sivak, Flannagan, Kojima, & Traube, 1997) . That information was based on the photometry of headlamps on the 23 best-selling passenger vehicles for model year 1997. A subsequent report contained a market-weighted description of low-beam headlighting patterns in Europe (Sivak, Flannagan, & Schoettle, 2000) , based on the photometry of headlamps on the 20 best-selling passenger vehicles for model year 2000.
The present study was designed to (1) develop an analogous database of current U.S. and European high-beam headlamps, and (2) update the U.S. low-beam database. The main features of this study were as follows: First, the lamps to be photometered were purchased directly from vehicle dealerships, thus avoiding the potential selection problems with donated lamps. Second, the selected lamps were designed for use on 49% of all passenger vehicles currently being sold in the U.S., and 47% of all passenger vehicles currently being sold in 17 European countries. Third, the obtained photometric information was weighted by the current sales figures for the respective vehicle models.
METHOD Approach
The approach consisted of the following steps:
(1)
Obtain a luminous-intensity matrix for lamps designed to be used on the best-selling passenger vehicles in the U.S. and Europe.
(2) Use the current sales data for the respective vehicles (within each sample group) to derive a sales-weighted distribution of luminous intensities at each test point.
(3) For each test point, calculate selected percentiles-25th, 50th (median), and 75th-of the sales-weighted distribution of luminous intensities.
Photometry
The measurements were made in a photometry laboratory using a goniophotometer. The aiming of all lamps was performed by the same person-a lighting engineer with 35 years of headlighting experience. (For the European low beams, the horizontal aim placed the right end of the horizontal part of the vertical cutoff at the vertical axis; the vertical aim was set by first aligning the vertical cutoff on the left side with the horizontal, and then displacing the beam 0.6° (1%)
down.) The high beams were not re-aimed vertically or horizontally. A small lateral adjustment was made to position the high beam in the center of the goniophotometer rotation.
The lamps were allowed to heat up for three minutes before the measurements were taken.
All measurements were made at 12.8 V (the same as in Sivak et al., 1997 and Sivak et al., 2000) , with the appropriate bulb. (Because we were interested in real-world light output, we did not use a rated bulb.) The angular parameters for the photometry are shown in Table 1 by lamp sample. Sivak et al. (2000) for completeness.
Lamp description
Several vehicles offered optional high-intensity discharge (HID) lamps, along with standard tungsten-halogen lamps. Our sample included only lamps with tungsten-halogen bulbs. A breakdown of lamps by light source for the 40 vehicle models surveyed is shown in Table 2 . Summaries of several design features of the tested lamps are shown in Tables 3 through 5. The features covered are lamp optics (Table 3) , lens material (Table 4) , and aiming methods of the U.S. lamps (Table 5) . Table 6 lists the 25th percentile, the median, and the 75th percentile luminous intensities for the U.S. high beams. Analogous information for the European high beams is provided in Table 7 .
RESULTS

High beams
Please note that, because of space limitations, Tables 6 and 7 provide only subsets of the available data. Specifically, the horizontal steps in Tables 3 and 4 are 0.5° between 0° and 5°, 1° between 5°a nd 10°, and 5° between 10° and 45° (all for left or right); the vertical steps are 0.5° throughout.
Furthermore, for consistency with the low-beam data to follow, the information for high beams is displayed only from 5° down to 7° up.
Figures 1 and 2 present isocandela diagrams corresponding to the median luminous intensities for the U.S. high beams and the European high beams, respectively.
Figures 3 and 4 present isoilluminance diagrams (in vertical lux) corresponding to the median illuminance incident on the roadway for the U.S. high beams and the European high beams, respectively. These calculations (and the calculations below for the low beams) assume that the lamp mounting height is 0.62 m and the lamp separation is 1.12 m (Sivak et al., 1996) . Table 8 lists the 25th percentile, the median, and the 75th percentile luminous intensities for the U.S. low beams. Analogous information for the European low beams is provided in Table 9 .
Low beams
As mentioned above for Tables 6 and 7, Tables 8 and 9 provide only subsets of the available data.
The horizontal steps in Tables 8 and 9 are 0.5° between 0° and 5°, 1° between 5° and 10°, and 5°b etween 10° and 45° (all for left or right); the vertical steps are 0.5° throughout.
Figures 5 and 6 present isocandela diagrams corresponding to the median luminous intensities for the U.S. low beams and the European low beams, respectively.
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DISCUSSION
The present analysis is not based on a complete census of current headlamps in the U.S. and Europe, but on samples constituting 49% and 47% (respectively) of all lamps for passenger vehicles sold in the U.S. and 17 European countries (all 15 members of the European Union, plus Norway and Switzerland). However, we do not have reasons to believe that there are any systematic differences between the lamps that were sampled and those that were not (with the possible exception of HID headlamps). We believe that the data presented in this report provide valid estimates of the luminous intensities that can be expected at various angles with respect to the headlamp axes of tungsten-halogen headlamps currently used in the U.S. and Europe. Thus, the data could be used to calculate the expected illuminances reaching targets with known geometric relationships to the headlamps, such as traffic signs, road delineation, the eyes of oncoming drivers, or rearview mirrors on preceding vehicles.
As we pointed out in our previous descriptions of U.S. and European low beams (Sivak et al., 1997 and Sivak et al., 2000) , data such as these should not be used to calculate gradients of luminous intensities for adjacent points in space (e.g., for estimating the sharpness of the cutoff that is important for visual aiming of the beam pattern). This is because the transitions from the more intense to the less intense parts of the beam pattern are not precisely in the same locations for all lamps. Consequently, although the present analysis provides valid estimates of luminous intensities for individual points, a computation of gradients between points based on the present analysis would underestimate the actual gradients. This caveat applies not only to the present data, but also to any aggregate data for non-identical beam patterns.
